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(54) Combined heating and cooling system 

(57) A combined refrigerant heating and cooling 
system comprises a compressor (118), an outside heat 
exchanger (110), an inside heat exchanger (116), a re- 
frigerant-to-engine coolant heat exchanger (124), at 
least one refrigerant expansion device (1 1 2) and at ieast 
one redirection device (120), wherein the arrangement 
is such that said compressor (118) is switchable be- 
tween a heat pump loop and a cooling loop by means 
of said redirection device (120), said heat pump loop 
comprising said inside heat exchanger (116), said refrig- 
erant expansion device (1 1 2) and said refrigerant-to-en- 
gine coolant heat exchanger (124), and said cooling 
loop comprising said outside heat exchanger (110) and 
said inside heat exchanger (116). According to the in- 
vention, the outside heat exchanger (110) is arranged 
in such a way that an outlet of said outside heat ex- 
changer (1 1 0) is connected to a connection point of said 
heat pump loop which in heat pump mode lies down- 
stream of said refrigerant expansion device (112), e.g. 
between said refrigerant expansion device (112) and 
said refrigerant-to-engine coolant heat exchanger 
(124). 
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Description 
introduction 

[0001) The present invention relates to air condition- 
ing systems and more particularly to a combined refrig- 
erant heating and cooling system for vehicles. 
[0002] Generally automobiles, trucks and the like are 
ventilated by airforced into the interior by vehicle motion 
and by a variable speed, electrically driven blower. 
When heating of the vehicle interior is required, air is 
passed over a heater core. The core is connected to the 
engine water jacket and is an air-to-engine coolant heat 
exchanger. The interior or cabin temperature may be 
controlled by mixing or blending outside air with the 
heated air, mixing the heated air with recirculated air, or 
by a variation of the blower speed. 
[0003] In order to cool the vehicle interior, a refriger- 
ation air conditioning system is normally used. The sys- 
tem includes an evaporator core disposed in the interior 
of the vehicle, a refrigerant compressor driven by the 
vehicle engine, a condenser located in the engine com- 
partment and an expansion valve. Refrigerant is 
pumped by the compressor through the condenser, ex- 
pansion valve and the evaporator. 
[0004] Recent generation engines, and particularly 
recent diesel engines, show a very high efficiency. Due 
to this high efficiency, insufficient heating capacity is 
available using a conventional forced air, heater core 
system, especially at low ambient temperatures. Con- 
ventional heaters suffer from time delay in achieving the 
desired heater output. Such heaters will not function un- 
til the coolant is heated. Coolant temperature varies as 
a result of different engine operating and vehicle loading 
conditions, 

[0005] It has been proposed to, in addition, use a heat 
pump for heating the vehicle interior. A heat pump is a 
refrigeration system, which increases rather than de- 
creases the temperature within the vehicle interior. A 
heat pump uses mechanical energy to raise the temper- 
ature from a lower temperature to a useful level. The 
heat pump process differs from the conventional A/C re- 
frigeration process only in that its purpose is to supply 
rather than extract heat from the interior of the vehicle. 
[0006] A typical heat pump system includes a com- 
pressor, an outside heat exchanger, an inside heat ex- 
changer and an expansion valve. When in the heating 
mode, the outside heat exchanger is an evaporator and 
ambient air is the heat source. The inside heat exchang- 
er functions as a condenser and heats the air circulated 
over the heat exchanger. Conventional air-to-air heat 
pumps are of limited utility in a vehicle due to the wide 
range of ambient temperature conditions that may be 
experienced. At low ambient temperatures, insufficient 
heat capacity is available to maintain the vehicle interior 
at a comfortable temperature. 
[0007] It has been proposed to combine heating and 
cooling in a refrigeration system for a vehicle wherein 


the engine coolant is used as the heat source in the 
heating mode. In such a system, refrigerant is pumped 
by the compressor through an outside condenser, a first 
expansion device and an inside heat exchanger which 
5 functions as an evaporator when air cooling is desired. 
When in the heating mode, the refrigerant is passed 
through the inside heat exchanger, which functions as 
a condenser, a second expansion device and a refrig- 
erant-to-engine coolant heat exchanger, which tunc- 

10 tions as an evaporator. 

[0008] One typical layout of a combined heating and 
cooling system is shown in the attached fig. 1. In heat 
pump mode, the outside heat exchanger 1 0 and the first 
expansion device 12 are bypassed by means of a by- 

15 pass conduit 14 connecting the inlet of the inside heat 
exchanger 16 to the outlet of the compressor 18. The 
switching between the outside heat exchanger 10 and 
the bypassing line 14 can be achieved by a redirector 
valve 20 connected on the one side to the compressor 

20 outlet and on the other side to the bypass conduit 14 
and the external heat exchanger 10. At the same time, 
the second expansion device 22 and the refrigerant-to- 
engine coolant heat exchanger 24 are connected in line 
between the inside heat exchanger 1 6 and the compres- 

25 sor inlet. Again the switching is achieved by means of a 
redirector valve 26 connected on the one side to the in- 
side heat exchanger and on the other side to the second 
expansion device 22 and to a bypass line 28 between 
the inside heat exchanger 16 and the compressor inlet. 

30 in order to prevent refrigerant flow into the outside heat 
exchanger during heat pump mode, a control valve or a 
non-return valve is further connected between the out- 
side heat exchanger and the first expansion device. Dur- 
ing heat pump operation, the refrigerant flows in a loop 

35 as indicated by the solid line arrows, while in cooling 
mode, the refrigerant flows in a loop as indicated by the 
broken line arrows. 

[0009] Such a coolant-based heat pump has certain 
advantages compared to an ambient air heat source 
40 based heat pump, such as no de-icing requirements and 
substantially higher evaporation temperatures due to 
the higher heat source temperature. These characteris- 
tics improve heat rejection and long term compressor 
reliability. 

45 [0010] One drawback of the above described com- 
bined heating and cooling system during heat pump 
mode is due to liquid refrigerant accumulation in non ac- 
tive parts of the loop, such as the outside heat exchang- 
er 1 0. The underlying reason for this phenomenon is the 

50 difference in pressure between the active part of the 
loop (indicated with solid line arrows) and the passive 
part, which faces the ambient air temperature during 
running. In addition to this the outside heat exchanger 
1 0 is the part of the loop that will face the coldest tern- 

55 perature and therefore attract most of the refrigerant. 
[0011] Refrigerant will not only collect in the outside 
heat exchanger due to leakage of the valves and migra- 
tion, but also due to previous cooling mode running, 
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which drives most of the refrigerant to the outside heat 
exchanger. 

[0012] With the shown loop layout, there is no possi- 
bility to recover the refrigerant from the outside heat ex- 
changer back into the heat pump loop. The effect of this 
undesired refrigerant accumulation is malfunction of the 
heat pump loop due to lack of refrigerant. 

Object of the invention 

[001 3] The object of the present invention is to provide 
an improved combined refrigerant heating and cooling 
system, which solves the problem of refrigerant accu- 
mulation in the non-active parts of the loop. 

General description of the invention 

[0014] In order to overcome the above-mentioned 
problems, the present invention proposes an improved 
combined refrigerant heating and cooling system, com- 
prising a compressor, an outside heat exchanger, an in- 
side heat exchanger, a refrigerant-to-engine coolant 
heat exchanger, at least one refrigerant expansion de- 
vice and at least one redirection device, wherein the ar- 
rangement being such that said compressor is switcha- 
ble between a heat pump loop and a cooling loop by 
means of said redirection device, said heat pump loop 
comprising said inside heat exchanger, said refrigerant 
expansion device and said refrigerant-to-engine coolant 
heat exchanger, and said cooling loop comprising said 
outside heat exchanger and said inside heat exchanger. 
According to the invention, the outside heat exchanger 
is arranged in such a way that an outlet of said outside 
heat exchanger is connected to a connection point of 
said heat pump loop which in heat pump mode lies 
downstream of said refrigerant expansion device, e.g. 
between said refrigerant expansion device and said re- 
frigerant-to-engine coolant heat exchanger. 
[0015] The proposed arrangement of the combined 
heating and cooling system connects the outside heat 
exchanger downstream of the expansion device, i.e. to 
the low pressure side of the heat pump loop, which in- 
sures that all or a major part of the refrigerant is sucked 
into the heat pump loop when the compressor is started. 
At the same time, the redirection device will be closed 
in the direction of the outside heat exchanger, which en- 
ables evacuation of the outside heat exchanger. It fol- 
lows, that refrigerant which has previously accumulated 
in said outside heat exchanger will be recovered into the 
heat pump loop at compressor start. 
[0016] With the proposed layout the outside heat ex- 
changer is connected to the heat pump loop down- 
stream of the expansion device, which itself is arranged 
downstream of the inside heat exchanger. It follows, that 
in cooling mode, where the flow of refrigerant is directed 
from the outside heat exchanger to the inside heat ex- 
changer, the refrigerant flow passes through the expan- 
sion device prior to entering the inside heat exchanger. 


Thus the same expansion device may be used for the 
cooling loop as for the heat pump loop. It follows that 
the present loop layout reduces the number of required 
parts with respect to the above described prior art lay- 
5 outs. The refrigerant expansion device may e.g. com- 
prise a bi-directional orifice tube. 
[0017] One of the typical characteristics of a heat 
pump loop is that the evaporation pressure of the refrig- 
erant increases as the coolant temperature increases. 
10 This phenomenon would lead to a refrigerant flow back 
to the outside heat exchanger as the evaporation pres- 
sure increases. This is due to the fact that the outside 
heat exchanger is at ambient temperature and conse- 
quently any liquid refrigerant collected in the outside 
heat exchanger would reach the corresponding satura- 
tion pressure which will be lower than the evaporation 
pressure in the heat pump loop. In order to prevent the 
backflow of refrigerant into the outside heat exchanger, 
the system preferably further comprises a stop valve ar- 
ranged between the outlet of said outside heat exchang- 
er and said connection point of said heat pump loop. 
The stop valve will be closed in heat pump mode thus 
preventing the flow of refrigerant back to the outside 
heat exchanger. 

[001 8] The stop valve can comprise a controlled clos- 
ing valve, which can be managed by a control system, 
which senses the pressures in the different parts of the 
loop. However in a preferred embodiment of the system, 
the said stop valve comprises a non-return valve pre- 
venting refrigerant to flow from said connection point in- 
to said outside heat exchanger. Such a non-return valve 
closes at exact the right moment when the pressure at 
the suction side of the loop reaches the outside heat ex- 
changer saturation pressure. No external control is re- 
quired. It will be appreciated that a return valve does not 
impair the cooling mode of the system, since it opens 
as soon as the pressure in the outside heat exchanger 
part of the loop is higher than the pressure downstream 
of the outside heat exchanger. This is the case when the 
redirection device directs the compressed refrigerant to 
the outside heat exchanger to obtain heat rejection in 
the outside heat exchanger. 

[0019] The redirection device could consist of a plu- 
rality of closing valves arranged in the different conduits 
connecting the compressor the outside heat exchanger, 
the inside heat exchanger and the refrigerant-to-engine 
coolant heat exchanger. However such an embodiment 
increases the costs of the system and requires a com- 
plex control circuit for controlling the correct valve posi- 
tions. In another embodiment, the redirection device 
may comprise a single four-way valve. In a preferred 
embodiment, the redirection device comprises a first 
distributing valve for switching an outlet of said com- 
pressor between said outside heat exchanger and said 
inside heat exchanger and a second distributing valve 
for switching an inlet of said compressor between said 
refrigeranMo-engine coolant heat exchanger and said 
inside heat exchanger. The distributing valves may for 
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instance comprise 3-port directional control valves or 
three-way valves. The distributing valves are preferably 
individually controllable, so as to be able to open the 
first distributing valve in direction of the outside heat ex- 
changer and to open the second distribution valve in di- 
rection of the refrigerant-to-engine coolant heat ex- 
changer. By running the loop compressor, first distribu- 
tion valve, outside heat exchanger, refrigerant-to-en- 
gine coolant heat exchanger, second distribution valve, 
it is possible to purge the outside heat exchanger. Such 
purging may be necessary due to oil depositing in the 
outside heat exchanger. 

[0020] It will be appreciated that the combined refrig- 
erant heating and cooling system according to the in- 
vention can operate with any refrigerant such as e.g. 
R134a, R744 (C02), etc. 

Detailed description with respect to the figures 

[0021] The present invention will be more apparent 
from the following description of a not limiting embodi- 
ment with reference to the attached drawings, wherein 

Fig.1 : shows a prior art layout of a combined refrig- 
erant heating and cooling system; 
Fig. 2: shows an embodiment of a system according 
to the present invention when operating in heat 
pump mode; 

Fig.3: shows the system of fig. 2 when run in cooling 
mode. 

Fig. 2 shows an embodiment of a combined heating 
and cooling system according to the present inven- 
tion. The system is represented when running in 
heat pump mode, the direction of flow of the refrig- 
erant in the heat pump loop being indicated by the 
arrows. The heat pump loop comprises in this order 
a compressor 118, a first three-way valve 120, an 
inside heat exchanger 116, an expansion device 
1 22, an refrigerant-to-engine coolant heat exchang- 
er 124, and a second three-way valve 126. In this 
loop, high pressure conditions are present in the 
part of the loop from the compressor to the expan- 
sion device 122. The part of the loop downstream 
of the expansion device is at low pressure. 

[0022] The outside heat exchanger 110 is not active 
in the heat pump loop. According to the invention, the 
outside heat exchanger 110 is connected to the low 
pressure part of the heat pump loop. In the shown em- 
bodiment, the connection point lies between the expan- 
sion device 122 and the refrigerant-to-engine coolant 
heat exchanger 1 24. A non-return valve 1 30 is arranged 
between the outside heat exchanger 110 and the con- 
nection point. 

[0023] At compressor start in heat pump mode, the 
refrigerant-to-engine coolant heat exchanger 124 and 
the connecting point are at low pressure. As long as the 
pressure inside the outside heat exchanger is higher 


than on the suction side of the heat pump loop, the non- 
return valve is open for refrigerant flow from the outside 
heat exchanger to the heat pump loop. It follows that all 
or a major part of the refrigerant is sucked from the out- 

5 side heat exchanger 110 into the heat pump loop. As 
the first three-way valve 1 20 is closed in direction of the 
outside heat exchanger, the outside heat exchanger is 
evacuated and previously accumulated in the outside 
heat exchanger will be recovered into the heat pump 

10 loop. 

[0024] If the evaporation pressure in the heat pump 
loop increases to a value above the saturation pressure 
in the outside heat exchanger, the non-return valve clos- 
es, thus preventing the refrigerant to flow back into the 
outside heat exchanger. 

[0025] Fig. 3 shows the system of fig. 2 when running 
in cooling mode. Again the arrows indicate the direction 
of refrigerant flow through the cooling loop. In order to 
run the system in cooling mode, the first three-way valve 

20 1 20 opens towards the outside heat exchanger 1 1 0 and 
the second three-way valve 124 opens the connection 
between the refrigerant-to-engine coolant heat ex- 
changer and the compressor. The refrigerant then flows 
from the compressor 11 8 to the outside heat exchanger 

25 110 and from there through the non-return valve, which 
will open as soon as the pressure inside the outside heat 
exchanger than the pressure downstream of the valve, 
to the expansion device 122 and the inside heat ex- 
changer 116. In this mode, the refrigerant-to-engine 

so coolant heat exchanger 1 24 is non active. 

List of reference numerals 


[0026] 

35 

10, 110 outside heat exchanger 

1 2, 22, 1 22 expansion device 

40 14 bypass conduit 

16, 116 inside heat exchanger 

18, 118 compressor 

45 

20, 120 . redirector valve 

24, 124 refrigerant-to-engine coolant heat ex- 
changer 

so 

26, 1 26 redirector valve 

28 bypass line 

55 130 non-return valve 
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Claims 

1. Combined refrigerant heating and cooling system, 
comprising a compressor, an outside heat exchang- 
er, an inside heat exchanger, a refrigerant-to-en- 5 
gine coolant heat exchanger, at least one refriger- 
ant expansion device and at least one redirection 
device, wherein the arrangement being such that 
said compressor is switchable between a heat 
pump loop and a cooling loop by means of said re- 10 
direction device, said heat pump loop comprising 
said inside heat exchanger, said refrigerant expan- 
sion device and said refrigerant-to-engine coolant 
heat exchanger, and said cooling loop comprising 
said outside heat exchanger and said inside heat 15 
exchanger, characterized in that an outlet of said 
outside heat exchanger is connected to a connec- 
tion point of said heat pump loop which in heat pump 
mode lies downstream of said refrigerant expansion 
device. 20 

2. System according to claim 1 , wherein said outlet of 
outside heat exchanger is connected between said 
refrigerant expansion device and said refrigerant- 
to-engine coolant heat exchanger. 25 

3. System according to claim 1 or2,furthercomprising 
a stop valve arranged between the outlet of said 
outside heat exchanger and said connection point 

of said heat pump loop. 30 

4. System according to claim 3, wherein said stop 
valve comprises a non-return valve preventing re- 
frigerant to flow from said connection point into said 
outside heat exchanger. 35 

5. System according to any one of claims 1 to 4, 
wherein said redirection device comprises a first 
distributing valve f or switching an outlet of said com- 
pressor between said outside heat exchanger and 40 
said inside heat exchanger and a second distribut- 
ing valve for switching an inlet of said compressor 
between said refrigerant-to-engine coolant heat ex- 
changer and said inside heat exchanger. 


6. System according to any one of claims 1 to 5, 
wherein said refrigerant expansion device compris- 
es a bi-directional orifice tube. 
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